Background and study aims With magnifying narrowband imaging (M-NBI) of the gastric mucosa, a characteristic demarcation line (DL) is occasionally found in non-cancerous depressed lesions. This DL forms multiple convex shapes along the edge of the epithelia of surrounding mucosa. We have termed this novel finding a multiple convex DL (MCDL). In this study, we clarified the prevalence of an MCDL in depressed gastric lesions detected in patients at high risk for gastric cancer and determined the diagnostic yield necessary to distinguish between cancer and non-cancer.
Introduction
Endoscopic evaluation of lesion characteristics is the first step in diagnosis of gastric cancer, and subsequent biopsy is performed when the lesions are suspicious for neoplasia [1, 2] . More than 60 % of early gastric cancers show a depressed-type appearance [3, 4] . However, in patients with atrophic gastritis, benign depressed lesions are more often detected during screening endoscopy [5] . Because the gross appearance of such lesions is similar, it is difficult to distinguish small early gastric cancer from benign depressed lesions by conventional white-light endoscopy. Although chromoendoscopy using indigo carmine may improve the diagnosis of early gastric cancer, no comparative study has proved the superiority of chromoendoscopy to white-light endoscopy. Accordingly, in everyday clinical practice, multiple forceps biopsies are usually performed to distinguish between early gastric cancer and small benign depressed lesions.
Narrow-band imaging (NBI) is an image-enhanced technology [6] that is generally used in combination with magnifying endoscopy in the diagnosis of gastric cancer. Magnifying NBI (M-NBI) allows for clearly visualization of the microsurface structure and microvascular architecture of the gastric mucosa [7, 8] . Yao et al. [8 -11] indicated that an irregular microvascular pattern (IMVP) and/or irregular microsurface pattern with a demarcation line (DL) are the diagnostic criteria for early gastric cancer with M-NBI [vessel plus surface (VS) classification system]. The usefulness of M-NBI for the diagnosis of early gastric cancer was demonstrated by 2 multicenter prospective trials [5, 12] . However, low inter-observer agreement regarding the endoscopic findings of M-NBI has also been reported as a problematic issue [13] .
We recently noticed a characteristic finding of a DL that is observed mainly in non-cancerous depressed lesions in M-NBI. This DL can be clearly traced along the edge of the epithelia in the surrounding mucosa and forms multiple convex shapes on the inside (▶ Fig. 1 ). We have coined this endoscopic finding a multiple convex DL (MCDL). If this finding is specific for noncancerous lesions, it will contribute to the differential diagnosis between cancer and non-cancerous lesions by M-NBI. In the present study, we aimed to clarify the prevalence of the MCDL in gastric depressed lesions detected by screening and the diagnostic performance of the MCDL in distinguishing between cancer and non-cancerous lesions.
Patients and methods

Study design and participants
This was a post hoc study using the data from a multicenter prospective trial in 9 hospitals in Japan (UMIN-CTR000001072) [5] . The protocol for the trial was approved by the Ethics Committee of the Kyoto University Graduate School of Medicine on February 14, 2008 . The trial was conducted according to the Standards for the Reporting of Diagnostic Accuracy Studies (STARD) initiative and followed the Declaration of Helsinki [14] . Written informed consent was obtained from all patients. In this study, the participants and endoscopy system and setting were taken from our previous report [15] because these were both post hoc analyses of the same prospective trial.
Patients aged ≥ 20 years with concomitant gastric cancer or a history of endoscopic resection of gastric cancer were recruited from June 2008 to May 2010. Patients with a history of gastric resection, severe organ failure, and anticoagulant medication were excluded. In total, 1353 patients were enrolled and underwent endoscopic screening with conventional white-light endoscopy. The target lesions in 362 patients were defined as newly detected and undiagnosed depressed gastric lesions of ≤ 10 mm in diameter; because small, depressed cancers are difficult to distinguish from benign abnormalities such as inflammation. Only the first lesion detected in each patient was included for analysis to ensure independency of the analysis unit. Other detected lesions were examined according to protocols in ordinary clinical practice. At least 2 endoscopic images of the target lesions were recorded during diagnosis and stored in a computer image server. After accomplishing all endoscopic diagnoses, at least one biopsy specimen was obtained from the target lesion. Lesions that were diagnosed as cancer or suspicious of cancer were removed by endoscopic resection for final histological diagnosis. Three patients who did not follow the study protocol and 6 patients who missed biopsy were excluded; thus 353 patients were analyzed in the prospective trial (▶ Fig. 2) .
Specimens obtained by biopsy or endoscopic resection were histologically evaluated using hematoxylin and eosin staining. The histological diagnosis was made according to the revised Vienna classification [16] . Categories 4 (noninvasive, highgrade neoplasia) and 5 (invasive neoplasia) were classified as cancer, and Categories 1 (negative for neoplasia), 2 (indefinite for neoplasia), and 3 (noninvasive, low-grade neoplasia) were classified as non-cancer. To confirm the histological diagnosis, endoscopic resection was performed for the lesions that were endoscopically suspected to be cancer. There were no cancer- ous lesions that had disappeared at the time of endoscopic resection.
Endoscopy system and setting
The endoscopy system consisted of a video processor (CV-260SL; Olympus Co., Tokyo, Japan) and a light source (CLV-260SL; Olympus Co.) that worked in both the high-resolution white-light imaging and NBI modes. NBI illuminates narrowbanded short-wavelength light (400 -430 and 525 -555 nm) to contrast the vascular architecture and surface structure of the superficial mucosa [6] . Magnifying endoscopy that can achieve a maximum 80-fold optical magnification was used (GIF-Q240Z, GIF-H260Z, and GIF-FQ260Z; Olympus Co.). A soft black hood (MB162 or MB46; Olympus Co.) was attached to the tip of the endoscope to enable the endoscopist to maintain an adequate distance for maximal magnification of the endoscopic image. The structural enhancement of the endoscopic video processor was set to B-mode level 4 or 6 for white-light endoscopy and to B-mode level 8 for M-NBI. The color mode was set at level 1.
Evaluation of endoscopic findings
In M-NBI, a DL was defined as a circumferential boundary between lesion and non-lesion areas that was discernible by an abrupt change in the microvessel and/or microsurface pattern of the mucosa [17] . We then defined a subtype of DL that fulfilled the following criteria for an MCDL: (1) a DL that could be clearly traced along the edge of the epithelia in the surrounding mucosa and (2) a DL that showed multiple convex shapes on the inside (▶ Fig. 1 ).
M-NBI images of all targeted lesions were collected from each participating hospital for evaluation of the aforementioned endoscopic findings. An experienced endoscopist (T. K., experience with ≥ 1,000 cases involving M-NBI diagnosis), who was blinded to the histological findings, reviewed the recorded endoscopic images. First, the presence or absence of a DL was determined. The proportion of MCDLs among lesions with a DL was then determined. Using a visual analog scale (▶ Fig. 3 ), this proportion was graded as 0, > 0 to < 1/3, ≥ 1/3 to < 2/3, and ≥ 2/3.
Evaluation of reproducibility of endoscopic findings
One experienced endoscopist (N. U., experience with > 1000 cases involving M-NBI diagnosis) and four less-experienced endoscopists (M. A., T. I., H. I. and K. M., each having experience with < 1000 cases involving M-NBI diagnosis) were invited to assess the diagnostic ability and inter-observer agreement of the endoscopic findings. They were asked to independently diagnose the presence or absence of a DL and the proportion of MCDLs. Before the assessment, the endoscopic findings and diagnostic criteria for both DL and MCDL were explained by the primary investigator (T. K.) using other sets of M-NBI images to control the diagnostic quality. 
Evaluation of histological characteristics of non-cancerous lesions
To clarify the histological characteristics of non-cancerous lesions with an MCDL, we reviewed the biopsy specimens from the participants enrolled in our institution. Mononuclear cell infiltration (inflammation), neutrophil infiltration (activity), glandular atrophy (atrophy), intestinal metaplasia, and Helicobacter pylori infection were evaluated and graded as normal, mild, moderate, or marked according to the visual analog scale in the updated Sydney system by one pathologist (Y. T.) who was unaware of the endoscopic findings [18] .
Statistical analysis
The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy of a DL for diagnosis of cancer were calculated. The optimal cutoff value for the proportion of MCDLs for distinguishing non-cancerous lesions from cancer was then determined by calculating the Youden's J index. For lesions with a DL, the sensitivity, specificity, PPV, NPV, and accuracy of an MCDL for non-cancerous lesions were calculated. The average values among the 6 endoscopists were also evaluated. The topographic distribution of lesions with an MCDL was also investigated to identify any association between the presence of an MCDL and lesion localization. The χ 2 test was used to evaluate associations of each endoscopic finding with cancer and localization of lesions with an MCDL. The Cochran-Armitage trend test was used to assess the association between endoscopic findings and histological characteristics of gastritis. A P value < 0.05 was considered to indicate statistical significance. Cohen's κ coefficient was then calculated to assess the inter-observer agreement between two endoscopists, and Fleiss's κ coefficient was calculated to assess the overall inter-observer agreement among all 6 endoscopists; agreement was regarded as excellent for a κ coefficient of ≥ 0.8, good for < 0.8 to ≥ 0.6, moderate for < 0.6 to ≥ 0.4, and fair for < 0.4. Statistical analyses were performed using R software version 3.1.0 (R Development Core Team, Vienna, Austria).
Results
Participants
Among 353 patients who were analyzed in the prospective trial, endoscopic images were not available for 3 and appropriate images were not recorded for another 3. Consequently, we analyzed 347 lesions (39 cancerous and 308 non-cancerous) (▶ Fig. 2 ). The patient demographics are summarized in ▶ Table 1. There were 38 differentiated types of cancer and 1 undifferentiated type.
Representative cases ▶ Fig. 4a shows a representative lesion with a DL (MCDL, ≥ 2/3). As indicated by the arrows, the MCDL was clearly identified as multiple convex-shaped lines along the edge of the epithelia in the surrounding mucosa. The histological diagnosis was gastritis with intestinal metaplasia. ▶ Fig. 4b shows another representative lesion with a DL (MCDL, > 0 to < 1/3). The DL showed a partly convex shape. The histological diagnosis was differentiated-type adenocarcinoma. ▶ Fig. 4c shows a representative lesion without a DL. There was no abrupt change in the microvascular and microsurface patterns between the depressed area and surrounding mucosa. The histological diagnosis was gastritis with intestinal metaplasia.
Diagnostic performance of endoscopic findings for depressed lesions
The relationship between the presence of a DL and histological findings of the lesions is shown by a flow chart (▶ Fig. 5 The relationship between the proportion of an MCDL among lesions with a DL and the histology of the lesions is also shown in ▶ Fig. 5 . When the cutoff value for the proportion needed to distinguish non-cancerous lesions from cancer was set at two-thirds, Youden's J index was 0.30 of the maximum value. Therefore, the optimal cutoff value was determined as two-thirds. An MCDL (≥ 2/3) was present in 86/252 ▶ The diagnostic performances of a DL for cancer and that of a MCDL for non-cancer among the 6 endoscopists are shown in ▶ Table 2 and ▶ Table 3 , respectively. Even on average, presence of a DL showed a high sensitivity (93.2 %) and NPV (96.8 %), and presence of an MCDL showed a high specificity (89.3 %) and PPV (96.7 %).
Association of each endoscopic finding with cancer
Presence of a DL was associated with diagnosis of cancer (odds ratio, 3.7; 95 % CI, 1.3 -14.6; P = 0.01), and presence of an MCDL showed an inverse association with diagnosis of cancer (odds ratio, 0.15; 95 % CI, 0.03 -0.51; P < 0.001).
Lesion localization according to the presence of an MCDL
Small depressed lesions without an MCDL were most frequently located in the lower third of the stomach, whereas lesions with an MCDL were mainly located in the upper third (▶ Table 4 ). There was no trend in the circumferential localization of lesions with an MCDL.
Reproducibility of endoscopic findings
Inter-observer agreement regarding a DL and MCDL between the two experienced endoscopists had a κ coefficient of 0.51 (95 % CI, 0.42 -0.61) and 0.70 (95 % CI, 0.60 -0.79), respectively. Inter-observer agreement among all 6 endoscopists (2 experienced and 4 less-experienced) for a DL and MCDL had a κ coefficient of 0.36 and 0.54, respectively. Good agreement for an MCDL was shown between the 2 experienced endoscopists and moderate agreement was shown among all 6 endoscopists. Agreement regarding an MCDL was better than that regarding a DL. 
Histological characteristics of non-cancerous lesions
In total, 138 patients with small depressed lesions were enrolled in the prospective study in our institution. Among them, 120 patients were diagnosed with non-cancerous lesions. We excluded 2 patients whose biopsy specimens were lost and evaluated 118 patients to clarify the histological characteristics of gastritis. When the cut-off value for the proportion of MCDLs was set at two-thirds, atrophy and intestinal metaplasia were seen in most of the lesions that were positive for an MCDL (97 % and 97 %, respectively) (▶ Fig. 6 ). The grade of intestinal metaplasia was significantly higher in the lesions with than without an MCDL (P = 0.028). The grades of mononuclear cell infiltration, neutrophil infiltration, and atrophy were not significantly different between these two groups. In contrast, the grade of H. pylori infection was signifiVcantly lower in the lesions with than without an MCDL (P = 0.014).
Discussion
This study demonstrates that the MCDL, which is a novel finding in M-NBI, has a high specificity and PPV for non-cancerous lesions in the differential diagnosis of small depressed lesions. This endoscopic finding may be effective in reducing the number of biopsies from non-cancerous lesions. Predicting non-▶ ▶ Table 4 Proportion of lesions with an MCDL in each location. cancerous lesions is significant and practical because our study showed that benign depressed lesions were detected 7.8 times as frequently as cancer in screening endoscopy in high-risk patients [5] . In VS classification system and Magnifying Endoscopy Simple Diagnostic Algorithm for Early Gastric Cancer (MESDA-G), evaluation for presence of a DL is recommended first, followed by the evaluation of irregular microvascular and/or microsurface patterns in lesions with a DL [19, 20] . The strategy is based on the high sensitivity and low specificity of a DL for early gastric cancer [19] . Non-cancerous lesions occasionally show a DL, because the microsurface structure exhibits a mosaic pattern in atrophic gastritis [21] . According to the present results, we consider that an MCDL is a predictor of non-cancerous lesions. The diagnostic strategy for DL evaluation is indicated in ▶ Fig.7 . When the cut-off value for the proportion of MCDLs was set at two-thirds, an MCDL was observed in 25 % (86/347) of small depressed lesions detected by screening endoscopy. Participants in this study were patients at high risk of gastric cancer; i. e., patients with gastric cancer or a history of endoscopic resection of gastric cancer. The annual incidence rate for metachronous multiple cancers in patients with gastric cancer is higher than that for newly gastric cancer in the general populations; the former was 3.5 % and the latter was 0.016 -1.1 % [22, 23] . In the current study, we analyzed 347 (98 %) of 353 patients who were prospectively enrolled in 9 hospitals. Therefore, the selection bias of our data is estimated to be low, and we believe that the incidence of an MCDL reflects the actual number of patients at high risk of gastric cancer in this study.
MCDL
Diagnostic performance of a DL had high sensitivity (90 %) but low specificity (30 %), and the PPV was 14 %; this means that 86 % of the lesions with a DL were non-cancerous lesions. According to the MESDA-G [20] , evaluation for an IMVP is recommended for lesions with a DL. Although presence of an IMVP had a high diagnostic value for cancer, endoscopists' judgments are subjective, and considerable experience is re- quired for accurate diagnosis using M-NBI. Yoo et al. [13] reported that the inter-observer agreement regarding the IMVP between 2 expert endoscopists was moderate (κ value of 0.541). We also assessed the inter-observer agreement regarding the IMVP in our study, and the κ value was 0.42 between the 2 experienced endoscopists and 0.30 among all 6 endoscopists (supplementary data). Inter-observer agreement for the MCDL was higher than that for the IMVP. Presence of an MCDL can exclude non-cancerous lesions with high specificity and good inter-observer variability compared with evaluation of the microvascular architecture. Why is an MCDL specifically found in non-cancerous lesions? Identification of an MCDL requires clear visualization of the marginal crypt epithelium (MCE) of the surrounding mucosa at the boundary of the lesion (▶ Fig. 8a) . In M-NBI, clear visualization of the MCE reflects the perpendicular arrangement of the epithelial cells [24] . An MCDL is detected by M-NBI in the depressed areas that meet such histological conditions. Yagi et al. [25] reported that the shallow depth of the crypts and the short length of their intervening parts are associated with disappearance of the MCE. We speculate that these histological changes occur at the invasion front of cancer. Intraepithelial microinvasion, which is often seen in early gastric cancer, disturbs the perpendicular arrangement of epithelial cells in the surrounding mucosa [26] , and the crypts of the surrounding mucosa become shallower ▶ Fig. 8b ).
In the current study, histological investigation of the noncancerous lesions suggested that the presence of an MCDL (≥ 2/3) was associated with a higher grade of intestinal metaplasia than other proportions of an MCDL. Although there was a significant difference, even the latter was frequently associated with intestinal metaplasia. The biopsy specimens were obtained according to the protocol in the prospective trial. Most of the target lesions were smaller (median size of 5 mm) than the opening width of the biopsy forceps; therefore, the specimens may have been contaminated with the surrounding mucosa that contained intestinal metaplasia. Moreover, "groovetype" mucosa, which was proposed by Kanzaki et al. [21] as an M-NBI finding associated with atrophy and intestinal metaplasia, was more frequently present in the surrounding mucosa of lesions with an MCDL ≥ 2/3 than in other lesions (▶ Supplementary Table 1 ). In the present study, we evaluated the status of H. pylori infection by histological examination. However, the information regarding eradication therapy for H. pylori infection was quite limited: Of 94 patients without H. pylori infection, 30 (32 %) had undergone eradication therapy, 8 (9 %) had not undergone eradication therapy, and 56 (60 %) had unclear data. Among the 64 patients with an absent or unclear eradication history, histological evaluation showed atrophy was in 55 (86 %) patients. Patients with no H. pylori infection were considered rare among the participants of this study.
Our study had some limitations. First, we evaluated the endoscopic findings retrospectively; therefore, some DLs might not have been recorded in the images and evaluated. However, we do not believe that this greatly affected our results because the target lesions were small. Second, the number of cancerous lesions was small. In particular, only one case of undifferentiated cancer was included. Therefore, whether our findings are applicable to undifferentiated cancer is not clear. Third, only patients at high risk for gastric cancer were enrolled, which makes the diagnostic yield of MCDL in the general population unclear. Fourth, non-depressed lesions were not considered in the present study, and the size of the target lesions was limited to ≤ 10 mm; therefore, whether this finding is applicable to nondepressed lesions or larger lesions remains unclear. However, the MCDL is considered to be meaningless for characterization of elevated lesions because we observed no MCDLs in elevated lesions. Finally, the cutoff value of the MCDL and results of the present study have not yet been sufficiently verified yet. A prospective study is expected for validation.
Conclusion
In summary, the MCDL observed in M-NBI has a high specificity and PPV for non-cancerous depressed lesions and high interobserver agreement. the presence of an MCDL is considered to be associated with intestinal metaplasia and the absence of H. pylori. Evaluating the shape of the DL might be a useful method for differential diagnosis between early gastric cancer and non-cancerous depressed lesions.
